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(54) LIQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a liquid crystal 
display device having an effective numerical aperture 
close to that of a liquid crystal display device in which 
liquid crystal molecules are in a single-crystalline array 
state, little visual angle dependence and excellent 
display quality in the liquid crystal display device having 
a liquid crystal array state in which liquid crystal 
molecules are arrayed in random directions in an 
azimuthal direction parallel to a substrate or in 
directions continuously changing in a plane parallel to 
the substrate. 

SOLUTION: In the liquid crystal display device wherein a 
liquid crystal layer is interposed between a pair of 
substrates opposed to each other, the liquid crystal 
layer has a state in which: the liquid crystal molecules in 
the liquid crystal layer is arrayed in random directions in 
the azimuthal direction parallel to the substrate or in 
directions continuously changing in the surface parallel 
to the substrate; and circular polarizing plates are 
disposed on respective outsides of the pair of substrates or a circular polarizing plate is 
disposed on the outside of one of the pair of substrates; and a light reflecting plate is disposed 
adjacently to the other substrate side. 
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Hi 1 fcfc. Slg^J (2) Wa-TN^-K^ISfBt/H: 

mftfii*m&mmxmwi>tz.w&x\ mm<v (b) is. 

*3§WoHJfi«tc«fc-5R«5t*RSrC P-B/CP-DE 
L/c^T\ PIH (c) f±, *^Bjo||j^^Jl- J: 5 
RI*MCP-B/CP-BEii: Lfc»<&<7>5R»ift 

[0 0 4 7] a -TN^ K<&Jfr&fii. E|fiJ*fRl^7V 

(a) (?)«Oi»fi^^lfl^W^ IPJEI (c) 
CD^(D^^J(DRM^^C P-B/C P-Bgag^r 

Ltcm&kxm%ti>m£mmte®-&&'&x^z>o * 

* N a-TNO*SI*«^ il^(^TNC0 9 8 %SJK^ 
mbtlZ>^tfcftfroX\^ 0 ^(0^>f^hEfp| 
(Z)4fr&ds— «14ElpIi:S*S^«. CP-B/CP-B 
iES-C/— Zf^yf&T*^ CP-B/CP-DIB 

(3) ^MSrS] 

il2{t H»^J (4) (DSLI TgEf^lSH^- 

(5) (O^V^ErSjSH^— K^)iRfi-fe/^-*5 



1 
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fcTy^p £<7)lfcd/p J20T*&5 o 1^121 (a) H 
(7)S«^J:5 S L I TgEfaSH^e— Kir/wootif^^a:^ 
^S^rlE^^#-Cg£Bbfc^X% I^gl^ (b) fi % 

s l i t@e[S]sh^- h^^x^mncommm^x^F] 
@ft&zcp-B/cp-Dumki,tim'£tx\ mm 

(c) te, 6 7 y ^ AgS[53 S H^- 

mm (d) n ^ip^ii^ji^s^^b 
^ s H^e- ynm&^Mzwmftfc* C P-B/CP- 10 

[004 8] il 3(t ^ffc#J ( 6 ) 0D3feg£^I-fft S H 

-^mM^JC-C*&6o MB:gEftfflgEftlIg£^ U ir/w 
^if^d^'f v^t'Vf-p k<Di£d/pteOX*fr 
6 0 r^l(Sl (a) ^<Z)&ffi^<£67fegEfaSH^— K 

8 9. 9° £Lfc^T% mm<V (b) te. TfegErfiJSH 
- Kir /wx**l W co Hj&£#J ( c J: 5 R fflftffi Z c P - B 
/CP-DgEB^r lf^h^^8 9. 9° t Lfc^ 20 
T% I^IH (c) i*. ^*<7)^lcJ:67fegE^SH/e-K 

8 9. 5° kvfrm&x\ mm (d) r±, ^m<omm 

RiiBfr!££C P-B/C P-DgEB^ h£j^ 8 

9. 5° t L,tcm&x<Dmw^m*^ft?ti^-r<> 

[0 0 4 9] 11411 (4) OS L I TgEftS 

H^-K<h, l^i^J (5) <D7 V^gEftSH^r- 

-^rnxibZo mmmfammfamz&m u 112^^ 30 

ir/v^r^s/^d i:M7/^i/fp £<oJfcd/ 
P f20. 2 5i:Ucl^fc6, I^H (a) tt. &&<D 
Miass l 1 TgEft SH^e- ^/vtoHmicMMM 
*«fctt£H«'<ne«Lfc»£^ 1^0 <£> (b) fct. s 
L I TgEft SH^e- K'fe/v-c**M^IIJfi« , JI-<t6RiI 
3foR£CP-B/CP-DR»£ I^EI 
(c) fct x 'tiimn&ffi^XZ? V^EftSH*— K<£> 

fctK REI (d) «\ ^B^^H^Ji-ct^^^^^ga 
IpI S H^e- K<a»i&-fe/M£Rffl#IR£C P - B/C P - 40 
DgEB<t Lfc»^Ktt«^X£*ft«t^o 
[0 0 5 0] H15«:, URM ( 6 ) <D3tgEft-te S H 

3t*45jRf±, -fe/^^^y^d £#-f s/^p t 
(Ojfcd/pfiO. 2 5^Ltrtt*5„ IrIIS (a) 

3»il**ES:iaXH«"eEBU^hftj6S8 9. 9° a 
mm<n (b) fi, %Bft S H^e— K-fe/n*# 
^P^oHSS^JI-J:6R{S3feS^CP-B/CP-DgEB 50 
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af^hft^8 9. 9° £L7c^T% mm (c) 

mmft&%w.&m&x*ms^'i'hftfc8 9. 5 0 
sH^e-Kt /wx**^ w n%^j tasn fiis*R £ c p 

-B/CP-DgEfit Lf^hft^8 9. 5° £ 

[0051] in 1 6 mwim ( 4 ) osli Tgs^ s 

H^e- (5) 07 v^gEftSH^e- K 
t. m9M (6) eo^EfPl— ttSH^t— K^**KS-fe^ 

6 D »SEfifflEftl«*ftffl U ai2-15fcft46 

ifcd/pteO. 7iLfcri-C*)6 0 IPIH (a) ft, m 
&<D&ffi\z X 6 S L I TgEft S H^e- Kir/wojtffmt-iE 
«WB**«rittS5H«-eBllUfc»*t?, I^H^> (b) 

s l 1 TgEfa s H^e- v^^x^m^(ommm\^ <t 

6RiB3t«*CP-B/CP-DEBi:L.^:*&-e, 1^ 
HI (c) r±, tt*(OS«tw«t-5 7^^EfRlSH^~K 

mm (d) *iw^wia67y^ 

-DgEfi^Ufc^X% (e) &*<D8iffi[z£ 

^TfegE^sH^- h^/wmm^mmftfozm&Mm 

(f) f±, *3SMwHJ6«^J:6*E^lSH^e-K*fe^ 
t?*»W^*IS«l- <t ^ R^TttS^C p-b/cp-d 
gEB<!r Uf/vh^^8 9. 5° b LitttetoWmttSM 

[0 0 5 21 ill 1 2 1 6 \^ L^cSfigErpJ^e— Kco 

*lC7^^El^SH^-K-eW:*L<«rttac» 

(1) -$ftgE^ir/v 
±lBLfc||»« (1) ^a-ECB^-Kt;^, 
t?ij (3) (Da -HAN^e- Y^^<OWt\\W£ >^ 

i 8 [z ttttiTF-r. ^-rti<Dm&m\z&\<^xi>, jt« 

TfetS^rfe^^fc^-C. -&m$L& a-ECB^t- 

tS^rCP-B/CP - DE»-ca^t3*^©»tt 
[0 0 5 3] m$t&mfrb. T*/l'7TX&\Zl1zMZ& 
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fttiLfcm<0»&\Zlt&l*X \ **8j8*Tmax^|pI± 

ttlcttfttf4v^tt5>^6, -tin, Rlttl^o 
X, K^>f ^IB<oBi«^iei^*^l-ttl»*l-#tt4 
v^£a*l£«LXV^£#;te>;ix3 a 
(2) x hElft*^ 
01 9tC±fab^H»« (2) ©t-TN*-Kt^ 

X\ — AfBll*Sa -TN*— K*/VT!*3l£WitlfciB*S 
6 a -TN*- Kir/M-RffiDfeffi&C P-B/CP-D 
«fc:J:6 a -TN^- K-t/V/|cR«3t««:C P-B/C 
[0 0 5 41 B19^W^ S>>f * hEl**'^* 

Sot, yj* V&fa"tM^&^x<oWMytWL<o®imn 

(3) ^Ma^lir^ 
±1BU/cH»#I (4) (DSL I TErfr*— K-fe/Vfc, * 
(5) co^^^^EfPlSH^e— K-fe/v-i:. ^IMH 
(6) o— (ftEr^SH^/^Bl*0«E*t*aifi*^«^ 30 

[0 0 5 5] m2 0<DVfflm\Z-&^Xt>. ftMt<DtiV>\Z 

fe5o Hi8S^^*cDir/v (d/p = 0) MH*HB3ftlR5: 
ffi^fr^fc^X, -M^SL I TEfai?^ (d 

/p-o) tRi*fi^ffi^^fc»^-e, flfclMDa* 

S L I TMt/V (d/p = 0. 2 5) \zWjfiUff%M$: 
m^te^f-m^. Rfcft<2>*SSL I TEfpHrA' (d/p 

= 0. 25) KR<B#te£*a*^fr*fc#^* was*®** 4 o 

SLITEr6l"fe^ (d/p = 0. 7) tCi£j(WH*tt4:*a 
«jft®35ss L I TElSrtr/i/ (d/p = 
0. 7) ^nffl**ES:»^'&*>^:fc»'&0«tt-e*)So 
[0 0 5 6] HI 2 1 OWttBlf*. Sl** s fl§*^-fe>^ ( d 
/ p = 0 ) JciSjftffl^ifiSrfi^^fe*^^^ 
j&^^^EftSHir/v (d/p = 0) X* 

(d/p = o. 25) ^a«ftffi^s^ia^^/c* 

£\ BHWS^^^AEWSH-fe/V' (d/p = 0. 2 
5) (^Rfi3tS^«a^^fc»^, «j»(3)35 s 7^y^ 50 



EftSH-trA- (d/p = 0. 7) {rSJ|{B*«*iB^ 

0. 7) IwRffl^&ffi^^^S^tOWtt^fcSo 
[0 0 5 7] 0 2 2 0>#ttBri* Sa»3ftS«*<0"fe^ (d 

/p = o) \zmmmyttiL*mfr&t>ttm&x\ 

Uft^— ttEfRlSH-fer^ (d/p = 0) tRfi3tffi^» 
-frfr-frfcifrg'TN ?Rj»®35S— ttErfilSH-fe/i/ (d/p = 
0. 2 5) 

— (SEftSHir/l' (d/p = 0. 2 5) 1-R{§l3rj&£:*& 

t)89. 5° T-*)6o 

[0 0 5 8] B|2 0—BI2 2(75Wttlw*3V^T. Rd^K 
^CP - B/C P - BE«-Cfi^fc>-frfc d/p - 0 
^ d /p = 0. 2 SO^ffcKl^T. ^TOElRl* 

^ElPlSH^^ib— WE^JSHir^ (8 9/ 5° ) X* 
HTmaxOfi^j|VN 0 ~ co X 5 l-Rffl*««*6ffli- -t 

tU?)UV^ 0 Lt^U d/p = 0. 7GD3M4=-e 
te. Tm a x WtjttlWI*«W««0»^ J: 9 t>ffiT-r 

te#<b;h,xi^<5o -ftet>h. i"-<X(DEr6i^#xR(i5fe 
»BJp*ds±#i-5ifci s »^ofc 0 fit, d/pffia- 
WSfciCtWofc, ^coa*t-oV^X«S»J^>v'^ 

[0 0 5 9] ^_b(OJB*j&^. Rffl*«*«S«rt-e*a 
Ctt<Z)3fcv^r^e^7r *Eft (ASM^tf) ^zfyy 
??uxtfm±1~Z>xV y hElPl G»«>«#fc:<fc5E 
fp]) x 7>^El^SH^^c0fg^ir/Hc:Sffi-t6^. 

Xfr9. E|pJ«La*U-CiBi*9&BlP*35 s #bnSC^jds 
#a>o?c 0 (iu SiSEfpH-feft5^^7/^]co^n« 

0. 2 5£JLTt?«5«ffi* s H*bV\ 

[0 0 6 0] $ b\Z*ftW<D%\<Dmi&WZ^X 

0 2 3S:#lLt8flt6c Ctb^Xl^B^LX^fcll 

fc«r»*-&fc*fc»ril©niB36IR«rE«Ufc^, ID 2 3 

iw^u/cn^j^^v>xn. m^miznmi&<Dni&&\k 

>f Rffl*tR^t>0^R«3ttE^I^«*ff 
fflS:«pofc3 u^f y y ^ 7>f 9 0 tfilLfc, - 
wlHft«-eti^«irRffl3tffi*rffiffl Lfc*friR«4«ll 

[0 0 6 1] fr*5> 3^f!i y*:7>f/V\*9 0<£>ffr& 
LXJ3. Philips Research L 
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aborator i es</)D. J. Broe r|l:<J;6 
WalC TMolecular Architecutur 
es in Thin Films by In — Si 
tu Photopolymerization of 

Reactive Liquid Crystal 
sj , SID 95 Digest-165 IwfBifc £ tl 

X N RC< Ph i 1 i p s Research Lab 
oratories COD. J . B r o e r £1* 10 

jt ^Ref 1 ect ive Cholesteric 
Polariser Improving the L 
ight Yield of Back — and Si 
de— Lighted Flat Liquid Cr 
ystal Di sp 1 ay sj , ASIA Disp 
lay '9 5\Z.ffl7fi£tlX\<*Z>i><D%m%'f : &^tfcX* 

[0062] ^mwtmm^Mtes m&m^mm^m^ 

5L 7k¥&£W3»tKftECBM> TWy^TN 
^> tt^lElplLCD, ASM- LCD, XVyhZsR 

rttc , mmz£z>^f&}— mRxmrnzfriZLCD^ tft 

fcfcx.tf* a-ECB*— h\ a-TN-e 
— h\ a-HAN^e-K. * y y hEftSH^— h\ a 

~sh^ KZfet/— ttsH^e— \ t <omg i ±/i>&mm£ti 

[0063] £x±mw \,tz.^^m<ommm\^^ 
xmmzti&wmytmk lt, suffi^s^ 1/4SS 30 

4Rir^«a^^*fflv^6»^i-. l/48ft«i:PC 
0#y #-4?*- h) ^pes (^y^^-r/vf/V7 7 

[0 0 6 4] y^/V^^2^i£i9^^-a:fct>^{i> T2 

t^^fc^o £*>»g\ l/2Kl7^;^^l/4jS 

l«l/48IWft 40 

^ a 1 / 4 ^ /wa i mmm^t 
[oo6 5] r 2t$ca&*9 j *«(y<owmy£fam<Di/4 

BSKffllc LT 1/4 <b U"C^ttlBffF«**«rfTo 
fc*S*&BI2 4^-To 0 2 40)^7:7 fi««j&SRft-C 50 



4f 2002-40428 

18 

PC®l2#:I£9 7^/^A^ x PC®Utfcl£<9 :7^/KA 
fc. PESKltfcRSB 2«i (1/4»^CX-1 3 
7. 5nmKX-150nrai:S^6) ^ffllU 

jt^mmm^*m^tmfei/*TJ±x^ si e 3 2. 

8nm£ 5 4 3. 5 n m t t?JBl3t U/c 0 LT$y3tffi£ 

p 5/ h^±i-^-^^>f yx^^L/c*£Jfia50 2 4<D 
^77t*S)6 0 
[0 0 6 6] 12 4 11^1/^ ±V^i»<Oie»aS3S«J 

<7) l/4$;i::7^/l^<Z)^t£T\ -^cDftilcD 

tommmnkfrh. 3«wfci/4«*«*#*fc«>fc 
[0 0 6 7] S'J<£>li»t-*5i^T> y-vy^y 

* <5 J: 5 KHSUB)tfi£ P C 1 ttflfi 9 *>r ^ 1 
«i:4SJ:5l-H«ffl*«i: PC ltfcKf9 ^-f^l/ 
fpJ^^Ti-^J: 5 4BfiB"C, 0. 3mmf^7^Si 

1 #fl£ 9 * l / 4 7 * /WA % 

cot. feIs!0Rffl3fetRi:46J:5J-ia»ffl*4R^PCl 
tfcRS 9 * >f 1 / 4 jgft 7 >r A' A £ffl^;bitrfc 1> co 

* H/l/«r»»WRfWWUV-3 1 0 0»3»t*ffltt 
ay^L/c 0 »JSJKft«BT««« (380~780nm) 

[0 0 6 8] 0 2 5^»JStt*^5>. IftKW);*/ — :/J:l;: 
^n^y wwEB^R<B*ft'C^ 0 2 4(7) 

[0 0 6 9] $ f>icSiJ^^t-^V^-C. ±IS^n^gEg 
^Rffl3ttRtUT. iiG»fi*Sl-»^^67>r^ 
^rPClfelADi:, PC2ft|£«9i: N PES1«^)2 
»2S (l/48fiWjJ6) ^#^^7 P ^ Jt^Ofc^ 
<0 2«coiaj»(B*tES:iH*«ldS^ vxnmt L±h(Ot 
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(y%) zmi^-To 

[0 0 7 0] 



20 



1/4 ft*^/^ 




CX-137.5nm 


0.03 


CX-150nm 


0.03 


PCllfc 


0.06 


PC2tWA0<§*J# 


0.12 




0.01 



10 



[0 0 7 1 ] (2)2 6<Dmm%%:frb, !)^7->3^ 
^tU^LT. PClftflSDM^^PE 

u^/v»S^i6:V\ 20 
[0 0 7 2] y^f-v/aya* 

[0 0 7 3] iSb\^. IM^nWtfrbG&tn^btl 
*l§l?><Z)Rfi*E£>* n^gEg (iSt@$*fi£) <£> 30 

ft^fctf^gEB^LCD^ £#[UD<E>Rffl3teffi 
w/^u/HEl (iitBWfftr) ^LCDtliUfHS 
^R*tf o/c„ ^-t/H-±4^f«MErS] Kyh-^M) 

y * * £ ufc 0 ^co^m^^m^¥K^m 2 7 l^-To 

[0074] 12127(7) (a) fct, tf>gEfi 

^(£v>ct^j6o raia (b) ii, femt) ^^ihi^or 
( c ) r±. imr) t^mww^imn? p^ksgd* 

^■Cfi. **5S«*^ (c) <D»* (a) KJt^T&J 

4 0%f*]_hLfc o **3. Mftt)^yh7^hlt5 0 0 50 



£X±Xtb^tz 0 
[0 0 7 5] ^±<0*g^^e>, £:;fclll0<&l*te 

[0 0 7 6] ^IR-eW, ECB^-H^*ft^h 

6 0 i/4jfcft:7*f/w»ra\ *p*K«<a»&-c 

t>. 2#f&V *4 lVCf&QfJ^toJj&ttlX 
[0 0 7 7] S^gti: 

5l-Rffl*S^^-r-5#^-CfeSt, Rffi#«tf>l/ 
4KS7>r>'V/^dSjE(^— «|7>r/VA-C&S^:«)Jc x NO 

tawi j; o -cs^se us v ^«iS3R < & £ ^ v > 5 m 

[0 0 7 8] Sifi8ErRl-fe^i:Rfi3fctRt-NOC7^/VA 

\z^k~r 0 1 ion. issi"e*!j, m^L^v^»<7)S 

M»E"C«!a 111 4:^tf»SJi 1 1 0i>m&$tiX^ 
60 fSfiS l 1 O<0M*MWlcr±, H^HM^ffi 121H 
/48ft8l 2 2 ^"C«fiKSH5RiH3t«l 2 0 K 
3»«3t«i 3 1 4: i/48fcK«l 3 2£T*«j*£*iT^ 
St5-*wRffl**El 3 0i:dS|EB$ixrv^a 
{i^ffi 1 2 1 £>affltta>*|n] (£cEP) i:l/4StSil 
2 2 (D3itS$*o^r&I &m ^^4 5° ir*S«t5J-BE 
B$HTV>5 0 $^>(^, jl«fi3tfil2i^i/48fi 
Sl2 2^f|(CNOC7Y^12 3^ tt^ii^ffi 
13U l/4jfifitEl 3 2^©BlCNOC7>f/^l 

[0 0 7 9] a*on«3t«E*:ttfflUftv^lB«a[l3tSfc 
^BIEf^ir/V^[wNOC^^/v^^*fi^^5^X* 
1212 8<0«fiK^e> l/4»StRl 2 2 1/4 jR 
I«132h NOC7^W13 3i:«^o/cji 

[00 8 0] a2 8^R{i*fii:NOC7^;^^(Oa 
^j3f(OLCDh «<^BlI)tfitNOC7^;V 

tTofe3ie*S:ia2 9 tH3 0^-r o B2 9tt, 16. 
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4 9 b i a stl/24 0 7^"T^ mW)%tfcX\ 

(a) ASa*^S»fi*fi + NO C 7 >f L C D, 

(b) ^Rfi*g+NOC7^/ViM7)LCD^#t 
-e*>So 0 3O*i. Tmax^ONiiE^U 0V£O 
FFn&tlsltxfiT* y*KXiX\ (a) d^*co@: 
»i*«+NOC7>f;V^LCD, (b) tfntffefttR 
+ NOC7>f^(DLCD^#j4X'fo^o C 

tf)t>^#>) 0*«X»G 1 2 2 0DUN-C. NOC 

Sft¥»©VAC-C4 3 0-e, RS*fil-E^W 

ffl« l/4«EM»«*ft*«©CX - 1 3 7. 6n 

[0 0 8 1] (92 9<Dy*xL— 7^ KttfclftV^CrJ:* 

(a) <0ffi»fflftffi^fc<Z>f2. NOC7^^ia6H 

5 0 L**U (b) ORffl3ttEwt>^ttei»fli5t4R^a 

tfc^EteW^ltl-CV^ 0 20 
[0 0 8 2] ^fc, H3 O^^^XW y^8K»lw*3V^X 
tt. (a) ^aiftiB^ttR^fc^tt, HJft«3fctRtf>3iB«i 

*>6<BUi>tfU (b) <7)PHBtttR0>t>a>f*. 

[0 0 8 3] CORffi3foR£«ft««ffl<aNOC:7^ 
A i <&te*-&fr*-e, Jr1E<0J:54fH*<0ftv % LCDfc 

#<5fc&K:* LCD MASTERy^ aU-^HJ;5 

jUJ*(Dmmfc&ft<ntkM&ffitCo v-^ ~ W">3 VCD 30 
LCDW»fi8ttig2 8-C^bfct>OT\ fS**^»4» 

SrjgErpi-e, i/4«*«tt3aa»*«»lR»tt«r*-rs 

t>CD£U NOC7^/VjMiVAC7/f^(Z)J; 5ftMI 

J: 6 LCD^NOC7^^t CD#fi^ 

[0 0 8 4] H31 ttfi£*Ojt«Ultt«^»^''C* 
(a) ft, t^V^ a U-Va y(Of h 7^ 

x\ mm (b) iijf»u^/v/*f/i/*^^cws)«rtt-efc 

-£T\ (a) te, ^v'^U-Vay^^yhy^ 
hWttT, (b) «H u^i/^i/ *-^^«H4-CS> 

[0085] H13 1 £g]3 2T\ ^> b^* h^&CD 

^7 7tn i«<»v^ceiS6»a^=i v ht>m<w 

[0 0 8 6] 3Vh7^ hkM&<Dffift&ki>\^ NO 50 
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CDteV AC-C 4 3 0 ^i^ft^yl^tO^^ftig 
SllVAC-C4 3 0^^bf5CK\ ^fe^^c 

— 4 s)/J±X*foZ> NOC7/f /VA *s*a^^t> £ <5 S 
v ^WttS: * v v-fe 6 J: 5 5 7c fc 

[00 8 7] -£CT\ l/4SMSW-NOC7^;V 

;i^ft(D;g^^cD;M^#^Nx >Ny >N z (ffi.U 
NxteH3 1(7)90° —270° ^ft. N y (iRil 8 
0° —0° ^f*h NzflJKffitw^iSft^OHJf**:^ 

[0 0 8 8] HI 3 3lCi/^^U- >-3 >tdJ:!9gai<fc;b 
t2«l7^/^^ l/4jftS«£ ttfflV^tS'&waft 
WttSr^-f-o D^~? (a) il, W^^ 3 y« 
f=iyh7^h#ttt% RBI (b) r±»U^V*^^"^ 
^Wtt-e&So 12 8 <7> 1 / 4 ScfttR 1 2 2^x^[S] 

GitB«l#[Rj) «£#U l/4jfifttRl 3 2Sry*[Rj 

(gt@W^fft) «#tfct)0tfc6 0 N x > N y > N 
zOfflHm Nx=l. 5017, Ny=l. 50 

105. Nz = l. 49782 (7^^m=2 1 

1. 6/im) CO 2$i^7^/>^X*fc6 0 

[00 8 9] E33 3 CO (a) Of3yh7^M*ttH 

fc, l/4K*tE<^jI««l*lRll-»bT«*!0Sfi:v\ c 
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(54) LIQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a liquid crystal display device 
having an effective numerical aperture close to that of a liquid crystal 
display device in which liquid crystal molecules are in a single-crystalline 
array state, little visual angle dependence and excellent display quality in 
the liquid crystal display device having a liquid crystal array state in which 
liquid crystal molecules are arrayed in random directions in an azimuthal 
direction parallel to a substrate or in directions continuously changing in a 
plane parallel to the substrate. 

SOLUTION: In the liquid crystal display device wherein a liquid crystal 
layer is interposed between a pair of substrates opposed to each other, 
the liquid crystal layer has a state in which: the liquid crystal molecules in 
the liquid crystal layer is arrayed in random directions in the azimuthal 
direction parallel to the substrate or in directions continuously changing in 
the surface parallel to the substrate; and circular polarizing plates are 
disposed on respective outsides of the pair of substrates or a circular 
polarizing plate is disposed on the outside of one of the pair of substrates; 
and a light reflecting plate is disposed adjacently to the other substrate 
side. 
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♦NOTICES* . 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the liquid crystal display which had the state where are the liquid crystal display which pinched the 
liquid crystal layer by the substrate which a couple counters, and the liquid crystal molecule of the aforementioned 
liquid crystal layer was the direction of an azimuth parallel to the aforementioned substrate, and arranged the 
aforementioned liquid crystal layer in the random direction, or it was changing continuously in a field parallel to the 
aforementioned substrate, and arranges the circular polarization of light board on each outside of the substrate of the 
aforementioned couple. 

[Claim 2] The aforementioned circular polarization of light board is a liquid crystal display according to claim 1 with 
which it is constituted combining a linearly polarized light board and 1/4 wavelength plate, and the angle of the 
transparency shaft orientation of the aforementioned linearly polarized light board and the direction of orientation of 
the liquid crystal molecule of the substrate interface of the aforementioned liquid crystal layer to make is 45 degrees. 
[Claim 3] The aforementioned circular polarization of light board is a liquid crystal display the claim 1 arranged so that 
it may be constituted combining a linearly polarized light board and 1/4 wavelength plate and the transparency shaft 
orientation of the aforementioned linearly polarized light board and the direction of the lagging axis of the 1/4 
aforementioned wavelength plate may become 45 degrees, or given in two. 

[Claim 4] The liquid crystal display according to claim 3 arranged so that the direction of the lagging axis of the 1/4 
aforementioned wavelength plate arranged on both the outsides of the substrate of the aforementioned couple is 
parallel or may intersect perpendicularly mutually. 

[Claim 5] It is the liquid crystal display which is a liquid crystal display which pinched the liquid-crystal layer by the 
substrate which a couple counters, the aforementioned liquid-crystal layer has the state where of the liquid-crystal 
molecule of the aforementioned liquid-crystal layer is the direction of an azimuth parallel to the aforementioned 
substrate, and arranges in the random direction, or it is changing continuously in a field parallel to the aforementioned 
substrate, arranges a circular polarization of light board on one outside of the substrate of the aforementioned couple, 
adjoins the substrate side of another side, and has a light-reflex board. 

[Claim 6] The aforementioned circular polarization of light board is a liquid crystal display according to claim 5 
arranged so that it may be constituted combining a linearly polarized light board and 1/4 wavelength plate and the 
transparency shaft orientation of the aforementioned linearly polarized light board and the direction of the lagging axis 
of the 1/4 aforementioned wavelength plate may become the relation which is 45 degrees. 

[Claim 7] The liquid crystal display according to claim 6 whose directions of the lagging axis of the aforementioned 1 / 
4 position wavelength plate are arbitrary directions. 

[Claim 8] The electric field which have the electrode which furthermore impresses voltage to the aforementioned 

liquid crystal layer, and are formed in the aforementioned liquid crystal layer of the aforementioned electrode are 

liquid crystal displays the claim 1 which is not uniform in the direction of [ between the substrates of the 

aforementioned couple ], or a field parallel to the aforementioned substrate, or given in five. 

[Claim 9] The liquid crystal display according to claim 2 set up so that thickness d of the aforementioned direction 

between substrates of the aforementioned liquid crystal layer and the chiral pitch p of this thickness direction may be 

settod/p<=0.25. 

[Claim 10] The substrate used as the screen of the substrates of the aforementioned couple is a liquid crystal display 
according to claim 1 with which the aforementioned circular polarization of light board arranged on the outside of the 
substrate of an opposite side consists of cholesteric films. 

[Claim 1 1] A liquid crystal display the claim 1 whose aforementioned solution layer layer is an amorphous orientation 
ECB mode liquid crystal cell, 2, or given in five. 

[Claim 12] A liquid crystal display the claim 1 whose aforementioned liquid crystal layer is an amorphous orientation 
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HAN mode liquid crystal cell, 2, or given in five. 

[Claim 13] A liquid crystal display the claim 1 whose aforementioned liquid crystal layer is a twist orientation liquid 
crystal cell, 2, or given in five. 

[Claim 14] A liquid crystal display the claim 1 which is the perpendicular orientation liquid crystal cell in which the 
aforementioned liquid crystal layer carries out orientation by the electric field by the electrode which has slit opening, 
2, or given in five. 

[Claim 15] Each of the aforementioned circular polarization of light board arranged on each outside of the substrate of 
the aforementioned couple is a liquid crystal display according to claim 1 arranged so that it may be constituted 
combining a linearly polarized light board and 1/4 wavelength plate and the direction of the lagging axis of the 1/4 
aforementioned wavelength plate of one aforementioned circular polarization of light board and the direction of the 
lagging axis of the 1/4 aforementioned wavelength plate of the aforementioned circular polarization of light board of 
another side may intersect perpendicularly mutually. 

[Claim 16] The transparency shaft orientation of the linearly polarized light board of one side of the aforementioned 

circular polarization of light board and another side arranged on each outside of the substrate of the aforementioned 

couple is a liquid crystal display according to claim 15 arranged so that it may go direct mutually. 

[Claim 17] The 1/4 aforementioned wavelength plate is a liquid crystal display according to claim 16 which has 

smaller wavelength-dispersion nature compared with the wavelength-dispersion nature of 1/4 ideal wavelength plate. 

[Claim 18] The 1/4 aforementioned wavelength plate is a liquid crystal display according to claim 17 which consists of 

a film of one sheet which has the extension shaft which extended material in the predetermined direction. 

[Claim 19] The liquid crystal display of 18 given in any 1 term from the claim 15 whose aforementioned liquid crystal 

layer is an ECB mode liquid crystal cell. 

[Claim 20] When the refractive index of the direction of an azimuth which intersects perpendicularly mutually in a 
direction parallel to the front face of the 1/4 aforementioned wavelength plate is set to Nx and Ny and the refractive 
index of the thickness direction is set to Nz Each of the 1/4 aforementioned wavelength plate of the aforementioned 
circular polarization of light board arranged on each outside of the substrate of the aforementioned couple is the film 
which has the relation of Nx>Ny>Nz, and the shaft orientations of Nz of the 1/4- wave film of one circular polarization 
of light board and the circular polarization of light board of another side are the same. The liquid crystal display 
according to claim 1 5 with which the direction of Nx crosses. 

[Claim 21] The liquid crystal display according to claim 20 which consists of a film of at least two sheets with which 
the 1/4 aforementioned wavelength plate has the relation of Nx>Ny>Nz. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] With respect to a liquid crystal display, especially, a liquid crystal 
molecule is the direction of an azimuth parallel to a substrate, and this invention relates to a liquid crystal display with 
the liquid crystal array state where arrange in the random direction or it is changing continuously in a field parallel to a 
substrate. 
[0002] 

[Description of the Prior Art] In a liquid crystal display, there is a problem that a display state will also change with 
own form birefringence of liquid crystal along with it if the observation direction (check-by-looking angle) of the 
screen changes. This is considered because the liquid crystal molecule in a liquid crystal layer is carrying out the single 
crystal-array by orientation regulation of a substrate interface. 

[0003] The so-called multi-domain method to which the orientation of the liquid crystal molecule is made to carry out 
in all the directions at random within a pixel is devised as a method of lessening this check-by-looking angle 
dependency, and making it into the display state same from [ every ] observation. For example, many things which 
divide and constitute each of each pixels in two or more sub-picture elements which consist of liquid crystal molecules 
with two or four different array directions are proposed. By the multi-domain method, it is thought that it is the most 
effective as a cure of a check-by-looking angle dependency, the amorphous orientation to which the sub-picture 
element (domain) which carries out a liquid crystal array exists in an omnidirection, ASM (Axially Symmetric aligned 
Micro-cell) orientation, i.e., axial-symmetry orientation etc., etc. 

[0004] In order the light transmittance of a liquid crystal cell is high and to acquire a good display state, the relation 
between the direction of liquid crystal orientation and polarizing plate arrangement needs to fulfill some specific 
conditions. 

[0005] Drawing 35 draws typically the situation at the time of voltage impression of ECB type (Electrically Controlled 
Birefringence)-LCD (liquid crystal display). The ECB type liquid crystal cell 1 which pinched the liquid crystal layer 
by the transparent substrate (not shown) of the couple which counters is pinched with the linearly polarized light 
boards 2 and 3 of the direction (arrow) of a transparency shaft (polarization shaft) which intersects perpendicularly 
mutually. At the time of no voltage impressing, 4 is what illustrated typically the direction of a major axis of a liquid 
crystal molecule, for example, it is standing in the perpendicular direction to the polarizing plate, and it becomes a dark 
display without being able to pass light with the polarizing plates 2 and 3 which are in orthogonality relation mutually. 
At the time of voltage impression, the linearly polarized light which arranged the liquid crystal molecule in parallel to 
the polarizing plate like drawin g 35 , and passed one polarizing plate changes a liquid crystal cell 1 to elliptically 
polarized light in response to a birefringence at the time of passage, and the part passes another polarizing plate and it 
serves as the Ming display. 
[0006] 

[Problem(s) to be Solved by the Invention] ECB type LCD - setting - high permeability - and - high - in order to 
realize a contrast display, considering as 45 degrees usually comes out of the angle of the transparency shaft 
(polarization shaft) of polarizing plates 2 and 3, and the direction of orientation of the liquid crystal molecule of a cell 
substrate interface to make therefore, the amorphous orientation with a direction strong [ random nature ] and ASM 
mode of the direction of liquid crystal orientation in 1 pixel - or in LCD in the perpendicular orientation ECB mode at 
the time of voltage impression, when the sub-picture element with which such angle conditions are not filled exists, an 
efficiency-numerical aperture falls, decline in a light transmittance is caused and the electro-optics property when 
observing from [ of the screen ] a transverse plane especially falls remarkably 

[0007] In a liquid crystal display with the liquid crystal array state where a liquid crystal molecule is the direction of an 
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azimuth jJarallel to a substrate, and arrange the purpose of this invention in the random direction, or it is changing 
continuously in a field parallel to a substrate, it has an effective numerical aperture with a liquid crystal molecule 
equivalent to the liquid crystal display of a single crystal-array, and there are few viewing-angle dependencies and it is 
offering the liquid crystal display which was moreover excellent in display quality. 
[0008] 

[Means for Solving the Problem] According to one viewpoint of this invention, the liquid crystal display which 
pinched the liquid crystal layer by the substrate which a couple counters is the direction of an azimuth where the 
aforementioned liquid crystal layer has the liquid crystal molecule of the aforementioned liquid crystal layer parallel to 
the aforementioned substrate, had the state where arranged in the random direction or it was changing continuously in a 
field parallel to the aforementioned substrate, and arranges the circular polarization of light board on each outside of 
the substrate of the aforementioned couple. 

[0009] According to other viewpoints of this invention, it is the liquid crystal display which pinched the liquid crystal 
layer by the substrate which a couple counters, the aforementioned liquid crystal layer [ whether it arranges in the 
direction where the liquid crystal molecule of the aforementioned liquid crystal layer is random in the direction of an 
azimuth parallel to the aforementioned substrate, and ] Or the liquid crystal display which has the state where it is 
changing continuously in a field parallel to the aforementioned substrate, arranges a circular polarization of light board 
on one outside of the substrate of the aforementioned couple, adjoins the substrate side of another side, and has a light 
reflex board is also included. 

[0010] By having used the circular polarization of light board for the polarization means, an efficiency-numerical 
aperture is raised by invisibility-izing the unusual orientation state of the direction of an azimuth in a liquid crystal cell, 
and forming the field into an effective pixel, this invention is applicable to both a penetrated type liquid crystal display 
and a reflected type liquid crystal display. 
[0011] 

[Embodiments of the Invention] Usually, although the linearly polarized light board is stuck on liquid crystal cell 
order, i.e., a front face, and the rear face, respectively as the example of drawing 35 also showed The liquid crystal 
molecule of a liquid crystal layer is the direction of an azimuth parallel to the aforementioned substrate by using a 
circular polarization of light board instead of a linearly polarized light board in this invention. It arranges in the random 
direction, or even if it is a liquid crystal display with the state where it is changing continuously in a field parallel to a 
substrate, the display state of having the effective numerical aperture as the liquid crystal display of a single crystal- 
array with the same liquid crystal molecule is acquired. And there are few viewing-angle dependencies and display 
quality is excellent. 

[0012] The ** type view of the penetrated type liquid crystal display by the example of this invention is shown in 
drawing 1 . 10 is a liquid crystal layer and the liquid crystal layer 10 which contains liquid crystal 1 1 by the transparent 
substrate of the couple which is not illustrated is pinched. The circular polarization of light boards 20 and 30 are 
arranged on both the outsides of the liquid crystal layer 10, respectively. The circular polarization of light board 20 
consists of a linearly polarized light board 21 and 1/4 wavelength plate 22. It is arranged so that the direction b of 
transparency shaft-orientation a of the linearly polarized light board 21 and the lagging axis of 1/4 wavelength plate 22 
may become 45 degrees. Another circular polarization of light board 30 also consists of a linearly polarized light board 
31 and 1/4 wavelength plate 32, and that of the sequence of a linearly polarized light board and 1/4 wavelength plate is 
reverse. 

[0013] That is, parallel arrangement of the transparency shaft is carried out at 45 degrees to a x axis before and behind 
a liquid crystal cell 10, 1/4 wavelength plates 22 and 32 have an all parallel lagging axis, and the linearly polarized 
light boards 21 and 3 1 are 0 degree. On this arrangement condition, when only the azimuth theta leans about the x axis, 
if the liquid crystal molecule 1 1 shows the transverse-plane outgoing radiation electric field Eout using Jones vector, it 
will become as a formula 1. 
[0014] 
[Equation 1] 
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[0015] Here, Ein shows transverse-plane incident-light electric field. In del tan, a refractive-index anisotropy and 
deltand show a retardation and i shows an imaginary unit. Since the electric field Ein which carry out incidence to a 
liquid crystal cell 10 only pass the circular polarization of light board 20, they can be expressed with the following 
formula 2. 
;0016] 
Equation 2] 
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[0017] If it asks for the outgoing radiation light intensity I in consideration of this, as shown in a formula 3, it will 
become the function of the retardation delta of the liquid crystal layer 10. 
[0018] 
[Equation 3] 

I = Eou t Eout = s i n 6 -(3) 

[0019] However, Eout* is the complex conjugate of Eout. That is, the transmitted light intensity I is unrelated to the 
direction theta of liquid crystal orientation, and it depends for it only on the liquid crystal molecular arrangement of the 
thickness direction of the liquid crystal layer 10. 

[0020] The example of a reflected type liquid crystal display other than the penetrated type liquid crystal display of 
drawing 1 is shown in drawin g 2 . Although 40 is a light reflex board or a reflector and outgoing radiation light 
penetrates a liquid crystal layer twice by drawin g 2 , except it, it is the same as that of the example of drawin g 1 , and 
the same effect can be acquired. 

[0021] D rawing 3 shows another example of a penetrated type liquid crystal display. It differs from the case of drawing 

I that it is the relation the relation, and the transparency shaft and lagging axis between the circular polarization of light 
boards 20 and 50 of order crossed at right angles. That is, the transparency shaft c of the linearly polarized light board 
51 of the circular polarization of light board 50 by the side of outgoing radiation and the transparency shaft a of the 
linearly polarized light board 21 of the circular polarization of light board 20 by the side of incidence intersect 
perpendicularly mutually, and the lagging axis e of 1/4 wavelength plate 52 of the circular polarization of light board 
50 by the side of outgoing radiation and the lagging axis b of 1/4 wavelength plate 22 of the circular polarization of 
light board 20 by the side of incidence lie at right angles mutually. Also in this example, the same effect as the example 
of drawing 1 can be acquired. 

[0022] Drawing 4 shows another example of a penetrated type liquid crystal display. That the angle of the transparency 
shaft a of a polarizer (linearly polarized light board) 61 and the direction of orientation of the liquid crystal molecule 

I I which constitute the circular polarization of light board 60 by the side of incidence to make is set up with 45 
degrees, and the angle of the transparency shaft c of an analyzer (linearly polarized light board) 71 and the direction of 
orientation of the liquid crystal molecule 1 1 which constitute the circular polarization of light board 70 by the side of 
outgoing radiation in connection with it to make is also 45 degrees differs from the case of drawing 1 - drawing 3 . 
Furthermore, the transparency shaft c of the analyzer 71 of the circular polarization of light board 70 by the side of 
outgoing radiation and the transparency shaft a of the polarizer 61 of the circular polarization of light board 60 by the 
side of incidence intersect perpendicularly mutually, and the lagging axis e of 1/4 wavelength plate 72 of the circular 
polarization of light board 70 by the side of outgoing radiation and the lagging axis b of 1/4 wavelength plate 62 of the 
circular polarization of light board 60 by the side of incidence lie at right angles mutually. 

[0023] If the outgoing radiation photoelectrical community intensity Eout of the example of drawing4 is shown using 
Jones vector, it will become as a formula 4. 
[0024] 
[Equation 4] 
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[0025] Furthermore, the outgoing radiation light intensity lout comes to be shown in a formula 5. 
[0026] 
[Equation 5] 

U«t=|-Ii,cos 2 m -(5) 



(t) 



[0027] Also in this example, it becomes the function of the retardation delta of the liquid crystal layer 10, and 
transmitted light intensity becomes unrelated to the azimuth theta of a liquid crystal molecule, and can acquire the 
same effect as the example of dr awin g 1 - drawing 3 . 

[0028] According to this formula, when a circular polarization of light board is used, it turns out that transmitted light 
intensity is not related to the azimuth theta of a liquid crystal molecule. When an ideal circular polarization of light 
board is used, arrangement with a circular polarization of light board and a liquid crystal layer is arbitrary, and good. 
That is, the axial direction of a circular polarization of light board may be theoretically arbitrary. 
[0029] since [ in addition, ] the lagging axis of 1/4 wavelength plate of the circular polarization of light board by the 
side of the incidence of the example of drawing 4 and outgoing radiation is mutually parallel ~ the hand of cut of the 
circular polarization of light - an incidence side and an outgoing radiation side -- being the same (all being right- 
handed rotation or left-handed rotation) - since it becomes, a normally white display is obtained When the lagging axis 
of 1/4 wavelength plate of the circular polarization of light board by the side of incidence and outgoing radiation is 
made to intersect perpendicularly mutually by arrangement of drawing 4 , the outgoing radiation light intensity lout 
comes to be shown in a formula 6. In this case, since the hand of cut of the circular polarization of light becomes the 
circumference of reverse by the incidence and outgoing radiation side, a normally black display is obtained. 
[0030] 
[Equation 6] 

Uut = y ItflSin z (y] -16) 



[0031] 

[Example] Next, the result which actually produced and was examined about the example of the liquid crystal display 
shown in drawing 1 - drawing 3 is explained with reference to dra wi ng 5 and drawing_6 . 

[0032] The slit opening 101 (non-polar zone) was formed for the common electrode 100 which drives the liquid crystal 
of each pixel in the center section as the shape of a rectangular stripe by 10 micrometers of the same width of face as a 
contiguity electrode spacing, orientation control of a liquid crystal molecule was performed using the slanting electric 
field (a fringing field, uneven electric field) by the edge section of a slit, and the combination of the liquid crystal cell 
which has improved the viewing-angle property, and a circular polarization of light board was used. 
[0033] a liquid crystal cell - a cell - thick ~ d= 3.8 micrometers and a dielectric constant anisotropy are negative 
deltaepsilon<0, and the electrode spacing (= slit width) of the slit electrode 100 is 10 micrometers Applied voltage is a 
rectangle alternating current wave in 4.3Vrms(es). As the light source for measurement, main wavelength used it for 
the halogen lamp through the NIKON band pass filter which is 530nm. In addition, for reference, what used the 
conventional linearly polarized light board was produced, and relative measurement was performed. 
[0034] It uses the conventional linearly polarized light board, and drawing^ depends drawing 6 on the example of this 
invention which used the circular polarization of light board (linearly polarized light board +1/4 wavelength plate) for 
the same liquid crystal cell, and each is the NIKON polarization microscope and it photos the field which has an 
electrode on the above-mentioned conditions. 

[0035] In the case of the conventional example of drawing 5 , the linearly polarized light board used that with which 
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the notarization microscope is equipped. In this case, since liquid crystal molecular orientation control by uneven 
SS^SdSSdSic field) is performed, the direction of direction orientation of a liquid crystal molecule is 
^tafflSw^ in spite of impressing voltage, as for the field of the liquid crystal molecule 

anel transparency shaft orientations f and g of the linearly polarized light board ^ged^before 

LJS a Haufd crvstal cell it turns out that a light transmittance does not go up enough but it is visible in the shape 
rff dark 1 aXdow nke a phl^ph This is befause the director of liquid crystal and the transparency shaft of a dark 
portion of a folzlg plate corrfspond and the relation between the direction of orientation and the transparency shaft 
orientations of a notarizing plate does not fulfill the optimum conditions of 45 degrees. 

EKm? ?33S light board using the circular polarization of light board of tog 6 which is used for 
Ete polarization of light board by the side of incidence in the case of the example of this invention u ed the 
Sril" n S foX polarization microscope, 1/4 wavelength plate used the NIKON (object for 530am, and he 
Sanri su circular polarization of light board was used for the linearly polarized light board for another circular 
S of light boards, and 1/4 wavelength plate, h and i of drawing 6 show the direction of a lagging «» °™* 
wavdeS Plate of a top and the bottom, x is the transparency shaft orientations of a top linearly polarized light board 
art v snows P me tSispSncy shaft orientations of a bottom linearly polarized light board The portion of the shape of a 
^/shadow whSto be the conventional thing of drawingj disappears, and the effective numencal aperture is 
imwovine so that clearly from the photograph of dravdng_6 . m 
ZTa graph shows the simulation examination result performed to drawing in addition to this. Drawing > the 
liquid ^'display which uses the circular polarization of light board of this invention, and isj fa >^ * <— ' 
what influence it has" with the size of the twist angle of the liquid crystal ^^^^^^^J™, 
drawine (a) (b) (c), and (d) show the case where twist angles are 0 degree, 90 degrees, 180 degrees and 24U ^ ^grees 
redely a horizontal axis shows applied voltage and a vertical axis shows a light transmittance. And sol d Tine is 
of the conventional linearly polarized light board use in each graph, and it is the case where a dotted line is 

large decUne m permeability becomes larger. Therefore, a twist angle has the desirab e range of 0 degree - about 200 
degrees practical, and is especially desirable. [ of the range of 0 degree - 180 degrees traMmittance (ver tical 

T00391 Next the property graph of (a) of drawing 8 shows the examination result about the light transmittance (vertical 
Eo I he ^p^Tvdtege^iorizontal axis) in the liquid crystal layer of the example o tang 1 , and arrangement 
of c ^^cular polarization of light board. The twist angle of liquid crystal was made into 0 degree here. A pre tilt angle 
?s 89 9 dells (^endicularorientation). In this case, even if it rotated the optical axis as a center a property hardly 
tari SqSS 10 with (a) of drawing 7 . That is, it turns out that it can be supposed that the relation of 
Section of orientation of a circular polarization of light board and a liquid crystal molecule is arbitrary . 
0040 Furthermore, the property graph of (b) of drawingj shows another examination resul of the applied-voltage 
Eontal S opposite penneability (vertical axis) in the liquid crystal layer of the example of djmmgl and 
^^ilSUni^ofm board. The chiral agent was added and the twist angle of liquid ^crystal 
wTmSto 90 degrees'A pre tilt angle is 89.9 degrees (perpendicular ™*^X^^<M 
liauid crvstal layer 10 rotated the optical axis for the circular polarization of light board 50 by the side ot outgoing 
radTation as a center In this case, arrangement of drawingj will also be included. Thus, even if it rotated the circular 
SS StoaTsO, the propel of (b) of drawing 8 hardly changed That is it turns out that it can be 
supposed tha° the arrangement relation of the circular polarization of light board of order is arbitrary. 
EKll NeTaW the example of the liquid crystal display shown in drawing.4 , fundamental composition is 
£mmon MofL different^onditions of (1) - (6) as shown below is actually created, and the result 

SrS^rfin%«ime«it which measured those properties about each is explained. The common manufacture 
Sei" these ] cell are as follows. In addition, in sign a-, amorphous one and SH mean a super 
HOMEOTORO pick and HAN means a hybrid aryne DONEMA tick. 

Substrate- TSP-018 Electrode : [ For lOohm / of field resistance / **:SLIT (slit) orientation ] TSP-019 For the 
10oS* a-SH and light orientation SH TSP-014 except 100ohm**:SH - orientation film membrane forma ion. - 
pmTr use (200W60sec) orientation film: - the object for level orientation - The object for perpendicular 
K Sg for optical orientation: They are [ C / 90 degree/ object / for postbake:level-for 2 minute 
nriPn 1 SSeters (only SH cell) of 200 degreeC gap control:3.8 micrometer per microscope 1 / 4 visual field 

S^ ISS optical orientation fn 240de P greeC and the object for perpendicular orientation with a 

SOdia^Iieters of 5.0 micrometer per microscope 1 / 4 visual field (other cells) 
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Seal: A vacuum pouring pattern (only SH cell), a capillary tube pouring pattern (other cells) 
Press: They are usually conditions (1.1 kg/cm2). ... film fnr 

example of experiment (1) 1 shaft a-ECB mode LCD display side orientation film: --background orientation film for 
level orientation: - cell **for level orientation: - 5.0-micrometer liquid crystal: - MLC-2019 
d/p:0deltand:0.387micrometerdeltaepsilon:>0 microphotography : Drawing 9 electro-optics property: example or 
drawing 17 experiment (2) a-TN mode LCD display side orientation film: -- background orientation film for level 
orientation:-- cell **for level orientation: --5.0-micrometer liquid crystal: -- ZLI-3504-100 

d/p-0 25deltand:0.485micrometerdeltaepsilon:>0 microphotography : Drawtogll electro-optics property: example ot 
drawing 19 experiment (3) a-HAN mode LCD display side orientation film: - background onentation film for 
perpendicular orientation: - cell **for level orientation: - 5.0-micrometer liquid crystal: - ZLI-5200-000 
d/pfodeltand:0.6micrometerdeltaepsilon:>0 microphotography : Drawing 10 electro-optics property: f " 

example of experiment (4) SLIT orientation SH mode LCD display side onentation film: - background onentation 
film for perpendicular orientation: -- cell **for perpendicular orientation: - 3.8-micrometer liquid crystal: - 
MJ95170+CB-15 d/p- - 0, 0.25, and 0.7deltand:about 1.0 micrometerdeltaepsilon:<0 microphotography: drawingll 
(a) and (b) - Drawing 14 (a), (b), drawing 16 (a), (b) - electro-optics property: example of the drawing ( expenment 
5 a-SH mode LCD display side orientation film: - background orientation film for perpendicular onentation. - cell 
••for perpendicular orientation: - 3.8-micrometer liquid crystal: - MJ95170+CB-15 d/p. - 0, 0.25 and 
0 7deltand:about 1 .0 micrometerdeltaepsilon:<0 microphotography: drawing 12 (c), (d)^ drawing 14 (c), (d), drawing 
16 (c), (d) - electro-optics property: drawing 21 - example of experiment (6) 1 shaft SH mode LCD display side 
orien ation film: - background orientation film for optical orientation: - cell **for optical onentation: - 3.8- 
mforometer liquid crystal: - MJ95170+CB-15 d/p: - 0, 0.25, and 0.7deltand:about 1.0 micrometerdel aepsilon:<0 
m croXtography: drawing 13 , drawing!! , drawing^ (e), (f) electro-optics property: The usual cell which is 

JhiA^^cirrabW^f 1he level orientation film about the cell of amorphous onentation (a-) for 
comparison (1.5 degrees of presumed pre tilt angles) was also created. The optica onentation cell was created _on the 
basis of the pre tilt angle obtained on the hradiation conditions 45 degrees from slant to a substrate side wUh the 
polarization light source of 254nm wavelength. Liquid crystal pouring of an Amor foul cell was performed in the 
isotropic phase on the hot plate, and it cooled naturally after pounng. 

[00431 The cell in each above-mentioned mode was created and the polanzation microscope observation system 
peffi texL observation of the screen. In the linearly polarized light board SQX8 52-AP-HC and , the circukr 
Polarization of light board used Sumitomo Chemical trial production circular polanzation of light board CP-B(nght- 
Tanded-rota^ 

of light board). And measurement of an electro-optics property was performed in LCDSOOOAGS^ The 

polarized light board and circular polarization of light board in that case are the same as the thing at the time of texture 

S^oTa reference is static, and fixes glass and the drive wave of a cell to 1kHz, and the light source is a halogen 

<Texture observation result> (1) uniaxial-orientation cell drawing! In the liquid crystal cell in the a-ECB mode of the 
example of an experiment (1), it is a texture microphotography at the time of no voltage impressing, tins drawing (a) 
(b) which is this drawing by the case where the linearly polarized light board has been ranged by orthogonality 
elation before and after the cell of a Prior art By the case where the circular polanzati on of W^***^* 
of this invention is considered as CP-B/CP-D anangement, this drawing (c) shows the ™^^hyat Ae tme of 
considering the circular polarization of light board by the example of this invention as CP-B/CP-B anangement, 

S^TDrawing 10 is a texture microphotography at the time of no voltage impressing in the liquid crystal cell in the a- 
HAN mode of The example of an experiment (3). this drawing (a) (b) which is this Rawing by foe case where the 
linearly polarized light board has been ananged by orthogonality relation before and after the cell of >t t Pnor art By foe 
case where the circular polarization of light board by the example of this invention is considered as CP-B/CP-D 
anangement, this drawing (c) shows the microphotography at the time of consid enng ^^^^1^ 
board by the example of this invention as CP-B/CP-B anangement, respectively In addition, in drawmg, Arrow P 
shows foe transparency shaft orientations of a polarizer 61 and Anow A shows the ^^g^^Sf^D 
an analyzer 71, respectively. Moreover, the combination of foe circular polanzation of light board with which ^CP-D 
serves as the counterclockwise circular polarization of light in foe circular polanzation of light board with which CP-B 
serves as the clockwise circular polarization of light is shown. 

W45] In^angement of the linearly polarized light board of (a) of drawing 9 and tamglQ , many fields where 
liqui d «££ orientation is dark for Random nature are seen, and it turns out foa t a substantial 1S 
low. Although a point defect is seen in foe circular polarization of light board of this drawing (b) in CP-B/CP-D 
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arrangement.(normally black display), it turns out that it is observed like a seemingly quite uniform orientation state, 
and the numerical aperture is improving sharply. Although a photograph is dark and unclear when the circular 
polarization of light board of this drawing (c) is considered as CP-B/CP-B arrangement (normally white display), the 
actual quite uniform display is obtained. . . m t,™, c 

r00461 In addition, although checked in these modes also about the cell which made domain size of amorphous 
orientation smaller, the difference was not looked at by the homogeneity of a display except that a point detect 
increased. Therefore, in order to lessen a point defect, it thinks that it is better to enlarge domain size 
Twist orientation drawing 1 1 is a texture microphotography at the time of no voltage impressing in the liquid crystal 
cell in the a-TN mode of the example of an experiment (2). (2) This drawing (a) (b) which is this drawing by the case 
where the linearly polarized light board has been arranged by orthogonality relation before and after the cell by the 
Prior art By the case where the circular polarization of light board by the example of this invention is considered as 
CP-B/CP-D arrangement, this drawing (c) shows the microphotography at the time of considering the circular 
polarization of light board by the example of this invention as CP-B/CP-B arrangement respectively. 
[00471 the case where the homogeneity of a display considers the circular polarization of light board lot the 
combination of the conventional linearly polarized light board of drawing 10 (a), and the example of invention of this 
drawing (c) as CP-B/CP-B arrangement although the direction of orientation was random in the case of a-TN mode ~ 
both - a simultaneously - equivalent homogeneity has been acquired Originally, it turns out that about 98 -A of TN 
usual in the light transmittance of a-TN is obtained. In addition, the point that the case of this twist orientation differs 
from optically uniaxial orientation is a normally black display in CP-B/CP-B arrangement and is with a normally 
white display and a bird clapper in CP-B/CP-D arrangement. This is considered because the 90 degrees of the 
polarization directions of light are rotating in the liquid crystal layer. 

(3) Perpendicular orientation drawing 12 is a texture microphotography at the time of no voltage impressing in the 
liquid crystal cell in the SLIT orientation SH mode of the example of an experiment (4), and the random orientation SH 
mode of the example of an experiment (5). the orientation film for perpendicular orientation - using it - the ratio ot 
the cell gap d and the chiral pitch p - d/p is 0 (b) which is this drawing this drawing (a) by the case where the linear y 
polarized light board has been arranged by orthogonality relation before and after the SLIT ^orientation SH mode cell 
by the Prior art By the case where the circular polarization of light board by the example of this invention is considered 
as CP-B/CP-D arrangement in a SLIT orientation SH mode cell, this drawing (c) it is the case where the linearly 
polarized light board has been arranged by orthogonality relation before and after the liquid crystal cell in the random 
orientation SH mode by the Prior art, and this drawing (d) shows the microphotography which is the case where a 
circular polarization of light board is considered as CP-B/CP-D arrangement at the liquid crystal cell in the random 
orientation SH mode by the example of this invention, respectively . 
[00481 Drawing 13 is a texture microphotography at the time of no voltage impressing in the liquid crystal cell m the 
optical orientation 1 shaft SH mode of the example of an experiment (6). the orientation film for perpendicular 
orientation - using it - the ratio of the cell gap d and the chiral pitch p - d/p is 0 (b) which is this drawing this 
drawing (a) by the case where have arranged the linearly polarized light board by orthogonality relation and a tilt 
angle considers as 89.9 degrees before and behind the optical orientation SH mode cell by the Prior art By the case 
where considered the circular polarization of light board by the example of this invention as CP-B/CP-D arrangement 
in the optical orientation SH mode cell, and a tilt angle considers as 89.9 degrees, this drawing (c) It is the ^case where 
have arranged the linearly polarized light board by orthogonality relation, and a tilt angle considers as 89.5 degrees 
before and behind the optical orientation SH mode cell by the Prior art. this drawing (d) The ^crophotography in the 
case where considered the circular polarization of light board by the example of this invention as CP-B/CP-D 
arrangement in the optical orientation SH mode cell by the example of this invention, and a tilt angle considers as 89.5 
degrees is shown, respectively. , . , „ . , 

[00491 Drawing 14 is a texture microphotography at the time of no voltage impressing in me liquid crystal cell in the 
SLIT orienTation SH mode of the example of an experiment (4), and the random orientation SH mode of the example 
of an experiment (5). a point which uses the orientation film for perpendicular orientation and is different from drawing 
12 ~ me ratio of the cell gap d and the chiral pitch p - d/p is referred to as 0.25 (b) which is tins drawing this drawing 
(5 by the case where the linearly polarized light board has been arranged by orthogonality relation before and after the 
SLIT orientation SH mode cell by the Prior art By the case where the circular polarization of light board by the 
example of this invention is considered as CP-B/CP-D arrangement in a SLIT orientation SH mode cell this drawing 
(c) it is the case where the linearly polarized light board has been arranged by orthogonality relation before and after 
the liquid crystal cell in the random orientation SH mode by the Prior art, and tins drawing (d) shows the 
microphotography which is the case where a circular polarization of light board is considered as CP-B CP-D 
^menfaTme Hquid crystal cell in the random orientation SH mode by the example of this invention, respectively 
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[005Q1 DTawing -15 is a texture microphotography at the time of no voltage impressing in the liquid crystal cell in the 
optteal oktatiotTl shaft SH mode of the example of an experiment (6) a point which ^Jf^^^ 
perpendicular orientation and is different from drawing!! - the ratio of the cell gap d and the chiral Pitch p " d7p »s 
referred to as 0.25 (b) which is this drawing this drawing (a) by the case where have arranged the linearly ' polarized 
Aboard by orthogonality relation, and a tilt angle considers as 89.9 degrees before and behind the optical 
oriental SH mode cell by the Prior art By the case where considered the circular polarization of light board by the 
^XrfK^n^ CP-B/CP-D arrangement in the optical orientation SH mode cell, and a tit angle considers 
as ^9 degree Zd awing (c) It is the case where have arranged the linearly polarized light board by orthogonality 
ZmLZ7^colikL as 89.5 degrees before and behind the optical orientation SH mode ; 
art this drawing (d) The microphotography in the case where considered the circular polarization of light board by the 
Sample rfUs invention as CP-B/CP-D arrangement in the optical orientation SH mode cell by the example of this 
invention, and a tilt angle considers as 89.5 degrees is shown, respectively 

00511 Drawing 16 is a texture microphotography at the time of no voltage impressing in each liquid crystal cell in the 
SLIT riSnSH mode of the example of an experiment (4), the random orientation SH mode of the example of an 
experiS (5) and the optical orientation 1 shaft SH mode of the example of an experiment (6). ^ Pomt which uses the 
SaTon film for perpendicular orientation and is different from drawing!! !5 - each - the ratio of the cell gap d 
S chiral pi ten p - d/p is referred to as 0.7 (b) which is this drawing this drawing (a) by the case where the linearly 
diarized St S has been arranged by orthogonality relation before and after the SLIT 'orientation SH mode cell 
by mTpriorlrt By me case where the circular polarization of light board by the example of this invention is considered 
as CT-SS-D anangement in a SLIT orientation SH mode cell, this drawing (c) It is the case where the linearly 
$2mW "ard § has been arranged by orthogonality relation before and after the liquid crystal ceU which is the 
random orientation SH mode by the Prior art. this drawing (d) By the case where it considers as CP-B/CP-D 
Zn^SScuIar polarization of light board to the liquid crystal cell in the random onentation SH mode by the 
e^nte of this invention this drawing (e) It is the case where have arranged the linearly polarized light board by 
SSSnSrSl a tilt angle considers as 89.5 degrees before and behind the optical onentation SH mode cell 
bfmfprio SSS (f) A microphotography when the circular polarization of light board by the example of 
Sstventionls considered as CP-B/CP-D arrangement in the optical orientation SH mode cell by the example of this 
invention and a tilt angle considers as 89.5 degrees is shown, respectively. 

m052] Also in observation in the perpendicular orientation mode shown in drawingJ2 - - drawing.! 6 , it turns 

St a Sack cross disappears in all conditions and only the intersection of a black cross has become a point ^defect 
bv the case where the circular polarization of light board of this invention is used, compared with the combination of 
Ae conventional linearly polarized light board. Probably, in random orientation SH mode, the microphotography 
shows esoeciallv that a property improvement is earned out remarkably. 

SXTthe elec tro optics property of the applied-voltage (horizontal axis) opposite light transmittance (vertical 
SsSe a-ECB mode cell of the example of an experiment (1) which carried out the <electro-optics property (1)> 
3 orientetion^ell above, and the a-HAN mode cell of the example of an experiment (3) is shown in drawing 11 
aTtaS Z^Zy. Also in which property view, the property of the cell which combined the conventional 

m board" for comparison is written in addition. It is a P^^J^^^T * 
circular polarization of light board with the a-ECB mode cell by the example of this invention by CT-B/CP-D 
SSy the case where an alternate long and short dash line combines the linearly polanzed light board 
cZSal X an a-ECB mode cell by the case where a solid line combines a linearly polanzed light board with the 
conventional single crystal-orientation cell. . . a j f L an : mi i Qr 

fo0531 This property view shows that the maximum permeability Tmax is improving by having used the circular 
EationS? boari in an amorphous orientation cell as compared with the case of the conventional linearly 
nolarizeS board I ^ However, ftalso turns out that it is less than the property of a angle crystal-onentation cell. 
ffitS^ Cftat orientation discontinuity between domains cannot be removed completely has influenced 

with the circular polarization of light board. „„„ tt„> » tnt mnHp rett of the 

(2) The graph of me electro-optics property of the applied-voltage pair light transmittance of the a-TN mode cell ol the 
examnteTi experiment (2) described above to twist orientation cell drawjng.19 is shown Also in which property 

She ££S^c* combined *■ COnventi ° nal Une T ly P 0 , 1 ^ ^i^^IXKto^S 
m addition It is a property when a fine dashed line combines a circular polanzation of light board with the a-TN mode 

InbX ex^iple of this invention by CP-B/CP-B anangement by the case where a rude dashed line combines a 

circular polarization of light board with the a-TN mode cell by the example of this invention by CP-B/CP-D 

Z^t^ytte case fhere an alternate long and short dash line combines the linearly poized hght board 

c^fntional in an a-TN mode cell by the case where a solid line combines a linearly polanzed light board with the 
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1, the property of d«gl9 shows differing sharply [ the , pngg of J. 
combination of a circular polarization of light board ] from the property of combination with a linearly polarized night 
Zd Cefore, use of the circular polarization of light board in a twist orientation cell will not lead .to ^ ement 
inTiarg pnWy. However, there are 180 degrees of rotations of the circular polarization of light witiun liquid 
crystal and the property improvement could expect, when it is used for a reflected type liquid cryst f ^play _ 
m The graph of the electro optics property of the applied-voltage pair light transmittance of the SLIT onentation 
mode eU of *e example of an experiment (4) which carried out the perpendicular onentation eel above 
orientation SH mode cell of the example of an experiment (5), and the uniaxial onentation SH cell of the example ot an 
exneriment (6) is shown in drawing 20 , drawing 21 , and drawing 22 , respectively. ... . 

[OOsTaTso in m property view of ^rawingJZO the property of the cell which combined the conventional linearly 
Eed tig£ boaSKmparisonls^tin addition. By the case where a solid line combines a linearly polanzed 
rgSard Stile conventional cell (d/p=0) By the case where an alternate long and short dash hne. combmes a 
cfrcuto polarization of light board in a SLIT orientation cell (d/p=0) When dashed line ** combines a linearly 
S SZd with a SLIT orientation cell (d/p=0.25), When dashed line ** combines a circular polanzation ^of 
SSKthTSjT orientation cell (d/p=0.25) and dashed line - combines a linearly polanzed light boar with a 
SLIT orientation cell (d/p=0.7), it is a property when dashed line ** combines a circular polanzation of light board 

^^^I^Jm2l by the case where a solid line combines a linearly polarized light board with 
LTSS ^) By the case where an alternate long and short dash line combines a circular Ration 
a random orientation SH cell (d/p=0) When dashed line ** combines a linearly polanzed light board 
with fa random orientation SH cell (d/p=0.25), When dashed line ** combines a circular polanzation of light board with 
r^dTo^raffl cdl (d/p=0.25), When dashed line - combines a linearly polarized light board with a random 
on^>^R^n^J)St is a property when dashed line ** combines a circular polanzation of light board with a 

SSSnS !™^of Itafe is a property when dashed line - combines a circular polarization ^ : light 
loard wifr unS orilL^HleTl (d/p^0 25), when dashed line ** combines a linearly po anzed light board 
vdAaCaiZrientation SH cell (d/p=0 25) by the case where an alternate long and short dash line combines a 
.XSi board in a uniaxial orientation SH cell (d/p=0) by the case .where , a so id line combines a 
linearly polarized light board with the conventional cell (d/p=0). Each pre tilt angle is 89.5 degrees. 
rSvwi I Tn the nrooertv of dr awing 20 - drawing22 , it has checked that Tmax was going up on all onentation 

ondS t t . m 

cond ons of d7p4 25 The value of Tmax is especially high in a random orientation SH cell and a uniaxial onentation 
SHcelH89 5 degrees) Thus, by use of a circular polarization of light board, the effective numerical aperture increased 
sharply and improvement in sharpness has also brought it about. However, Tmax falls on condition that [ case / of use 
SSZE light boanl] d/p=0.7. However, the effect of a threshold fall and improvement in sharpness 1S 
aLuired T^t s by mmg a circu ar polarization of light board on all orientation conditions showed that a black cross 
w^uninated and Stantial numerical aperture rose. However, when it is the conditions that a d/p value is large, it 
turts Z^TtoTc is a phenomenon of reducing Tmax. The same result is obtained by another simulation inspection 

polarization of light board was applied to liquid crystal cells which the amorphous orientation 
ASM is^duded which does not have torsion within a liquid crystal layer and a black cross generate such ^ht 
orientation (orientation by slanting electric field), and random orientation SH, from the above result i toms out that a 
substantial numerical aperture improves remarkably and a good electro-optics property is acquired. Especially it i 
eSvet ^atX orientation mode, and it Sums out that a high effective numerica aperture is obtained without 
orienS jessing. However, addition of the chiral agent in perpendicular onentation does not necessanly lead to 
improvement in a property. Moreover, a d/p value has the desirable use or less by 0 25 
006m Next example with a still more nearly another this invention is explained with reference to temg^ ■.. 
Sigh tit cirXpolarization of light bo'ard of composition of having combined the linearly polanzed light board 
and ^wavelength plate before and after the liquid crystal cell has been arranged in the example ex plained so far, in 
me example shown in drawing^ , to the display side, the same circular polanzation of light board 80 as the above- 
SCle hasbe^anged, and the cholesteric film 90 which had the same <W " 
polarization of light board in the back light light source side of it and an opposite side instead of the circular 
polarization of light Zrd has been anaSged^The same effect as the case where a circular polanzation of light board is 
used for both sides also in this example was acquired. 
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[00611 Iif addition, as the creation method of the cholesteric film 90, it is Philips Research Paper Molecular 
Secutures in Thin Films by In-Situ Photopolymerization of Reactive Liquid Crystals" by the D .LBroer work . of 
Laboratories, SID 95 It can obtain using the method indicated by Digest and 165 moreover as a method of forming a 
cholesteric film in a back light panel Similarly it is Philips Research "The paper by the work 
Laboratories Reflective Cholesteric Polariser Improving the Light Yield of Back-and Side-Lighted Flat Liquid Crystal 
DisDlavs" ASIA What is indicated by Display'95 can be used. 

[00621 Th'e afqutd crystal display of almost all form, such as a thing of the multi-domain structure where the direction 
of an az muth of liquid crystal carries out random or continuous change as a form of a liquid crystal display can 
applv this invention, a penetrated type, a reflected type, LCD driven by level or the uneven electric field by the 
Sor^Xrepare^ a perpendicular orientation ECB type, an amorphous TN type, the «^™^^ 
LCD ASM-LCD, and the slit, and TFT-LCD, serves as the object. For example, the liquid crystal cell in a-ECB mode, 
a-TN mode a-HAN mode, slit orientation SH mode, a-SH mode, and 1 shaft SH mode is applied. 
[00631 Next, as a circular polarization of light board used in the example of this invention explained above, when using 
foe combuiation of a linearly polarized light board and 1/4 wavelength plate example which uses what earned out 
the laminating of the film which extended and created PC (polycarbonate), PES (polyether sulfide), etc. to 1/4 

^^S^^o sheets are stuck, it is a" type circular polarization of light board L and ^are 
ome which laminated the 1/2-wave film and 1/4-wave film of the above-mentioned material in piles on the linearly 
polarized light film as composition of the circular polarization of light board In this case, the conization of a 1/2- 
wave film and a 1/4-wave film is constituted so that the wavelength-dispersion nature approximated to idea 1 / 4 
wavelength-plate property may be shown, in addition, "which arranges and stuck one 1/4-wave film on the linearly 
prized light film so that the transparency shaft orientations of a linearly polarized light film and the direction of a 
Lggmg axis of a 1/4-wave film might become 45 degrees - one sheet is stuck and there is alsc ja" ^type circular 
polarization of light board This is usually used for the purpose of acid resisting, or is used by me touch switch eta 

2 sheet -t Sticking - the 1/4-wave film for" type circular polarization of light boards, and "- the resuft which 
stuck one sheet, actually prepared the" type film, and conducted the performance-evaluation experiment as 1/4 
wavelength plale is shown in dmwing24 As for the graph of drpng 24 , a vertical axis shows [ a honzontaL axis ] a 
retardation value on wavelength. Two made from PC were stuck as an experiment sample one made from PC was 
stuck with the film, one made from PES was stuck with the film, and two kinds (1/4 wave differs from CX-137.5nm 
and CX-150nm) were prepared, and it is a gaging system using the photoelasticity modulation element, and measured 
Z the waveSgth of 632 tarn, and 543.5nm. And the result which carried out the curve fitting of the measured value 
on the point plotting [ survey ] using the model formula according to Cauchy's wavelength-dispersion formula is the 

fomUn^ingM , the straight line of a thick solid line is the property of 1/4 ideal wavelength plate. On the other 
hand the c^which plotted the black rectangular head of a fine dotted line sticks two PCs and in the property of the 
1M wave film of a type others stick one sheet, and it turns out that it is the closest to an ideal property as compared 
with X property ofa type. In order to obtain 1/4 ideal wavelength plate from this experimental result, it turns ou that 
TiTrequfred to also stick the small PES film of wavelength-dispersion nature two sheets and to make it composition. 
iSo^&rfheimore, another experiment - setting - as a normally black display type - a 1 1/4-wave film - creating - a 
spectrum - spectral characteristics were measured What stuck a linearly polarized light board and one PC, and 
combined the 1/4-wave film of a type in this experiment so that it might become a nght-handed-rotaUon circular 
polarization of light board, By arrangement to which the direction of a lagging axis is mutually parallel, what shack a 
hnearly polarized light board and one PC, and combined the 1/4-wave film ofa type so that it might become a left- 
handed-rotation circular polarization of light board The sample stuck in parallel with the glass substrate of a3mm 
^UeLTangement sample), What stuck a linearly polarized light board and one PC and combined the 1/4-wave 
film of a type so that it might become a right-handed-rotation circular polarization of light board, By arrange™* 
arrangement and the direction of a lagging axis cross at right angles mutually what stuck a linearly potanzed light 
board and one PC, and combined the 1/4-wave film of a type so that it might become a left-handed-rotation circular 
portion of light board the sample (cross arrangement sample) stuck in parallel with the glas. "^J^Z 
** - preparing - the spectrum of each sample - the spectrum was measured using Shimadzu UV-3100 spectroscope 
Measurement wavelength is a visible region (380-780nm). Iteing25 shows the graph of the "P"^"™ 1 *- 
T00681 Black level is good only in a specific narrow wavelength field so that it may be expected also from the 
^SSS^^&ilA wim the circular polarization of light board of the ^ 
the curve ofa solid line from the measurement result of drawing^ . Except the wavelength field since it has shifted 
from™ 'wave optical leakage arises greatly. On the other hand, with the circular polarization of light board of cross 
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arrangement jof a dotted line, it turns out that good black level is obtained in a wide range wavelength field. 
[0069] that to which the film combined with a linearly polarized light board was stuck one PES with one PC **** and 
two PCs **** as a circular polarization of light board of the above-mentioned cross arrangement in still more nearly 
another experiment, and the polarization shaft considered two kinds (1/4 waves differ) of each type, and two linearly 
polarized light boards for comparison as cross arrangement - preparing ~ a spectrum - spectral characteristics are 
measured and the result is shown in drawing 26 And the brightness value (Y %) of the transmitted light of these 
samples is shown in Table 1 . 
[0070] 
[Table 1] 







CX-137.5mn 


0.03 


CX-150nm 


0.03 


PC1& 


0.06 




0.12 




0.01 



[0071] From the experimental result of drawing 26 , it sticks in a retardation property two PCs which were the closest 
to ideal 1 / 4 wavelength plate, and the property (white rectangular head) of the circular polarization of light board of a 
type has permeability and the highest brightness value. By sticking one PC and sticking a type and one PES to it, 
although the thing of a type is less than the thing of cross arrangement of a linearly polarized light board, fairly good 
black level is obtained. However, it sticks one PES and, for the thing of a type, black level brightness is a low a little. 
[0072] Although it stuck two PCs in retardation measurement and it was expected from the above measurement result 
that the thing of a type was effective, in the synthetic evaluation result, a result from which one sheet is stuck and black 
level sufficient also by the type is obtained was brought. It is thought that the lagging axis of the film of the circular 
polarization of light board of left-handed rotation and right-handed rotation is cross arrangement, and this reason is 
because a retardation is canceled. 

[0073] Furthermore, when the thing of cross arrangement (lagging-axis rectangular cross) of the circular polarization 
of light board of the left-handed rotation which stuck one sheet and used 1/4 wavelength plate of a type and right- 
handed rotation which were considered to be effective from the above-mentioned experiment had been arranged to the 
actual liquid crystal cell, it experimented in what effect is acquired. For comparison, LCD of arrangement of only a 
linearly polarized light board and LCD of parallel arrangement (lagging-axis parallel) of the circular polarization of 
light board of left-handed rotation and right-handed rotation were also prepared for the conventional liquid crystal cell, 
and the evaluation experiment was conducted. The liquid crystal cell was taken as the quadrisection perpendicular 
orientation dot matrix. The microphotography of the result is shown in drawing 27 . 

[0074] The good multi -domain orientation which the field where (a) of drawing 27 becomes dark to polarizing plate 
transparency shaft orientations by the case of LCD of arrangement of only a linearly polarized light board generates is 
acquired. However, between each domain is observed black and it turns out that an effective numerical aperture is low. 
Although it is LCD of parallel arrangement of the circular polarization of light board of left-handed rotation and right- 
handed rotation and the melanism between domains like [ in (a) ] has stopped being conspicuous, as for this drawing 
(b), the part between the lines which they are between each dot also floats, and is in sight, and its contrast is not good, 
either. Moreover, the phenomenon in which a display colored was seen. This drawing (c) was the case of cross 
arrangement of the circular polarization of light board of left-handed rotation and right-handed rotation, the dark field 
seen by (a) was removed nearly completely, and its efficiency-numerical aperture improved sharply. With the sample 
of this experiment, when the maximum permeability was (c), compared with (a), it improved about 40%. In addition, 
both of contrast were 500 or more. 

[0075] In the normally black transparency type which right-handed rotation and left-handed rotation stuck one sheet, 
and has arranged the circular polarization of light board using type lambda / 4 board on both sides of a cell from the 
above result, it turns out that arrangement of the lagging axis of 1/4 wavelength plate of a circular polarization of light 
board is excellent in the case of a rectangular cross, i.e., cross arrangement. 

[0076] In addition, in an experiment, although the cell of the simple matrix structure in ECB mode was used, if it is 
ECB mode, this invention can be applied not only to a simple matrix but to an active matrix type liquid crystal cell, and 
the same effect will be acquired, of course, the modes other than ECB - also obtaining - it is applicable Moreover, it 
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turns ourtot a f/4-wave film is stuck two sheets, and is stuck one sheet rather ton a type, and the direction of a type 
which is not illustrated is pinched. Another [ which f^^^^^^^^SSm board 131 and 1/4 

1 1 mi i 

me combination of the conventional linearly polarized boarded ^ hown in ^ g 29 

performed the duty drive and the static drive by each, ^™^j^ne*w angle prop J linearly 
and drawing 30 . Drawing29 is 1 / 240 duty dnve conditions in 164 ^ s ' ^ of light board 

circular polarization of light board +NOC film, the linearly poianzeu ugin uu v , ft 

oflight ooard shou.d be included) used in Jjj^^^KSlMy PO^ed light 

Sacom^^ 
^eoverintos.,^ 

£:tr,ss« p» J - d «*■ b ° Md show a good viewing - angie propeny 

^•rScD without to abovep^ns ^A"-*^* f t&KSSS£ 
ight board and to NOC film for viewing-angle "P^^tS composition of LCD 
the simulation by to MASTER simulator and >^>^M •* ^teeXnlrientation'M wavelength 
of a simulation is what was shown by drawing 28 , the hquid oyster a ™™ <J£™ jd , case where tee wa5 n0 

a LCD and an NOC film with to conventional linearly P"^ 1 '^^ , , , w js jetties, such as 

[0 084] m to case of the 1» J-g J/^^ is 
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simulation, and these drawings (b) are RUMINANSU properties, such as black level. 

[0085] In the graph of a contrast [ drawing 32 / drawing 3 1 , ] property, the place where the field drawn darkly is low 
and its contrast is bright indicates that contrast is a high field. Moreover, the graph of RUMINANSU properties, such 
as black level, indicates that the place where the field drawn darkly is low and its brightness is brighter is [ brightness ] 
a high field. 

[0086] Both the properties of contrast and brightness optimized the NOC film retardation, and LCD of a linearly 
polarized light board had the optimal case of a film equivalent to VAOC430. On the other hand, in the circular 
polarization of light board LCD, it is sticking VAC-C430 on both sides of a cell, and the reversal field (black field) 
shifted outside most. This cause can consider mostly that an optical omission is intense in an omnidirection, when a 
viewing angle is shaken so that it may understand, if a ** RUMINANSU property is seen. This will be considered 
because there is an effect which cancels a mutual property if the NOC film which are 1/4 wavelength plate which is a 
positive 1 shaft film, and a negative 1 shaft film combines. That is, the retardation of the thickness direction of 1/4 
wavelength plate is considered to carry out the work which degrades the viewing-angle compensation capacity of an 
NOC film. 

[0087] Then, when it seemed that the size relation to Nx>Ny>Nz (however, Nx shows the refractive index of the 
direction of 90 degree-270 degree of drawmg_31_ and the direction where direction of 1 80 degree-0 degree of these 
drawings and Nz of Ny are perpendicular to space.) of the refractive index in "the biaxial film which adds an operation 
of an NOC film to the 1 / the 4 wavelength plates itself 1 , i.e., a film, becomes, it was considered whether an 
improvement would be possible. 

[0088] The viewing-angle property at the time of using for drawing 33 the biaxial film optimized by the simulation as 
1/4 wavelength plate is shown. In this drawing, (a) is contrast properties, such as the simulation, and these drawings (b) 
are RUMINANSU properties, such as black level. 1/4 wavelength plate 122 of drawing 28 is extended in the x 
directions (the direction of a lagging axis), and 1/4 wavelength plate 132 is extended in the direction (the direction of a 
lagging axis) of y. As an example of Nx>Ny>Nz, they are Nx=1.5017, Ny=l. 50105, and the biaxial film of 
Nz=l .49782 (film thickness =2 1 1 .6micrometer). 

[0089] In view of contrast properties, such as (a) etc. of drawing 33 , the display reversal field was completely 
removable. Especially, a viewing angle is large to the direction of a lagging axis of 1/4 wavelength plate. This is 
equivalent to the state where drawing 29 and the display reversal field of 30 were lost exactly. This reason for an 
improvement is considered because the optical omission of the direction of a lagging axis of 1/4 wavelength plate was 
suppressed especially so that it may understand, if RUMINANSU properties, such as black level of this drawing (b), 
are seen. However, since the improvement of a viewing angle to a polarizing plate transparency shaft like [ in the case 
of LCD of a linearly polarized light board ] is not found, a viewing angle may be sensed sensuous to be narrow when a 
cell size is to some extent large. 

[0090] Then, the simulation examined conditions which a viewing angle twists widely also to the transparency shaft 
orientations of a linearly polarized light board. Consequently, the property as stuck two VAC films and shown in 
drawing 34 on conditions was acquired. In this drawing, (a) is contrast properties, such as the simulation, and these 
drawings (b) are RUMINANSU properties, such as black level. Although display reversal appears in the direction of a 
lagging axis of 1/4 wavelength plate in this property, the optical omission state of black level is better than the case of 
the mere 1 shaft film of drawing 32 rather. 

[0091] Furthermore, although the conditions which search the conditions from which a viewing angle good to linearly 
polarized light board transparency shaft orientations is acquired by the simulation, and do not have display reversal 
were looked for, when optical omission suppression of black level was thought as important, the conditions in the 
simulation of drawing 34 were the optimal. 

[0092] As mentioned above, although this invention was explained in accordance with the example, this invention is 
not restricted to these, for example, various change, improvement, and combination are possible - this contractor - 
obvious — it will be . 
[0093] 

[Effect of the Invention] In the liquid crystal display in which a liquid crystal molecule has the liquid crystal array state 
where arrange in the random direction or it is changing continuously in a field parallel to a substrate, in the direction of 
an azimuth parallel to a substrate as explained above By using a circular polarization of light board as a polarizer and 
an analyzer, a liquid crystal molecule has the same effective numerical aperture as the liquid crystal display of the 
single crystal-array of the uniform direction orientation, can fall a viewing-angle dependency, and, moreover, can raise 
display quality. 

[0094] If electric field apply to an uneven liquid crystal cell within a pixel, the direction of azimuth unusual orientation 
state of a liquid crystal molecule can be invisibility-ized also by that case, and the field can be formed into an effective 



pixel, and an efficiency-numerical aperture can be improved. 
[Translation done.] 
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* NQTICES,* ' 

Japan Patent Office is not r sponsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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